Introduction
Immunisation is the most effective and efficient way to prevent vaccine-preventable diseases. However, the appropriate coverage rate is still critical for a comprehensive immunisation programme, especially for highly contagious diseases such as measles. The World Health Organization (WHO) recommends that countries should achieve coverage greater than 95% for a two-dose measles-containing vaccine in every district to eliminate measles [1] . The WHO European Region has set 2015 as the target for interrupting transmission of measles and rubella [2] ; however, according to the 2014 Assessment report of the global vaccine action plans [3] , among the three WHO regions aiming for measles elimination by the end of 2015, the Eastern Mediterranean Region and the European Region 'are markedly off track'. The WHO Western Pacific Region has made the most progress, but outbreaks in China, the Philippines and Vietnam in 2013 proved a setback. National coverage is above 95% in many countries in the three WHO regions, but 'just one weak district is enough for this highly contagious virus to continue circulating' [3] .
In many countries, comprehensive immunisation registry information systems are well established and have proved helpful in identifying pockets of underimmunised individuals and improving vaccination coverage [4] . This perspective aims to present innovative applications of the system used for measles prevention and control in Taiwan and to share the preliminary experiences. New concepts of immunisation database linkage could help to address the weakness in measles control in mobile populations and within medical settings, even in countries with comprehensive vaccination polices.
Taiwan is well known for its information technology industry, and technology advances have been readily adopted in health management for over 20 years. The Primary Health Information System (PHIS) was first established for public health stations in every township in the 1990s. The vaccination registry system was developed independently and was extended to a web-based system to fulfil the demand to keep up with the mobile population of Taiwan. The planning and construction of a new registry system, the National Immunisation Information System (NIIS), started in 2001. Since the end of 2003, the system has been operating online, running at all public health bureaus in 25 counties/cities and public health stations in all 373 townships. It took a year to train the users and to extend its use from government public health services to all of the 1,600 contract clinics and hospitals, covering all service points nationwide. Since 2005, all of the local health agencies have been participating in the NIIS and upload complete information to a central database. As several imported measles cases and clusters occurred from the end of 2008 to spring 2009 [5] , NIIS data linkage was considered in 2009 to help to control the disease.
The National Immunisation Information System
The NIIS contains most of the information for immunisation affairs, including an immunisation registry, vaccine management, lists of unvaccinated children, reports of coverage rates and related statistics. For example, once a baby is born in Taiwan, hepatitis B vaccine is administered within 24 hours and the baby is registered in an interim NIIS account by the clinic or hospital. Hepatitis B carriage status at the prenatal examination is also recorded in the system. By matching the baby with the mother's ID, hepatitis B immunoglobulin can be provided in a timely manner to high-risk newborns. After three to four weeks, when the baby gets its ID number, a permanent account is generated to replace the interim one in the NIIS, and the parent or guardian's name and address are updated by transferring data from the Ministry of the Interior's National Household Information System every 24 hours. Through this mechanism, the NIIS database has been able to cover the whole population born after 1995 in Taiwan. More detailed contact information is provided by the parents or guardians voluntarily and is recorded in the NIIS, including mobile telephone numbers in over 50% of cases. All of the subsequent vaccination doses for the baby are recorded in the ID account and compiled through the data exchange between the NIIS local and central databases. This mechanism allows children to be vaccinated anywhere in the country and helps to ensures that all the immunisations will not be missed or repeated. In addition, related information such as vaccination dose, place, time and lot number is also required on the data entry sheet: NIIS records are also critical for vaccine safety investigation. The structure of the NIIS is demonstrated in Figure 1 .
Before computerisation, it was impossible to calculate immunisation coverage rates precisely using paper records. From 1986 to 1994, the Taiwan national vaccination coverage rates were estimated through surveys for sampled counties every one to three years. As the PHIS was being constructed, the coverage for each administration area became available. After the construction of the NIIS, local records could be integrated and updated for every individual; all of the PHIS records since 1995 were compiled into the NIIS central database. Since then, public health workers have been able to follow up on unvaccinated individuals easily, and the coverage rates for measles-containing vaccines and the third dose of diphtheria-tetanus-pertussis vaccine (DTP3) have been increasing and maintained at over 95% since 2001 ( Figure 2 ). NIIS data show that the coverage rates for other childhood vaccinations have all reached and been maintained at ≥95% for the primary doses, so higher standards for timeliness and completeness have also been set by the Taiwan Centers for Disease Control (CDC). For example, in 2012 in Taiwan, measlesmumps-rubella (MMR) vaccine coverage by 15 months of age (scheduled to be vaccinated at 12 months-old) was 88.8%. Coverage of MMR vaccination at 12 months is usually calculated when the child is aged 18 or 24 months. Checking vaccination status at 15 months of age will protect children earlier and decrease the number of post-vaccination seizures, but a lower vaccination rate at this time point is also expected. As the time available to trace unvaccinated children and complete their vaccination is shorter (as checked at 15 months of age), coverage of 88.8% is considered good. Full immunisation in children at two years of age (i.e. they have received one dose of Bacillus Calmette-Guérin (BCG) vaccine, varicella vaccine and MMR vaccine, two doses of Japanese encephalitis vaccine, three doses of hepatitis B vaccine, four doses of DTP-Haemophilus influenzae type b-inactivated polio vaccine) was 94.1%. The index 'full immunisation coverage' is much more stringent than coverage for an individual vaccine, as a child
Figure 2
Measles-containing vaccine coverage, compared with coverage of the third dose of diphtheria-tetanus-pertussis vaccine, and number of measles cases (n=3,467), Taiwan, 1986-2012 has to receive all the recommended doses; coverage of over 90% for children aged two years is not easy to obtain.
Two innovative applications for measles prevention and control that link the NIIS with other data sources are described below.
Application 1: linking the National Immunisation Information System with hospital administrative records to identify and prevent potential measles transmission within hospitals
Medical facilities have been considered high-risk settings for measles transmission [6, 7] . In Taiwan, there were three measles outbreaks resulting in 22 cases from five hospitals across Taiwan from November 2008 to February 2009 [5] . To address within-hospital measles transmission, the Taiwan CDC requires hospitals to provide them with a list with names of possible contacts when a measles case is identified. A possible measles contact is defined as any person present in the same room or ward 30 minutes before or two hours after an infectious measles patient (four days before or after rash onset [8] ) stayed there. With a universal health insurance scheme, relatively low co-payment for visiting a doctor and completely free choice of healthcare providers, however, 'doctor shopping' is frequent in Taiwan [9] ; consequently, a person with measles may have visited several clinics or hospitals before being diagnosed. Public health workers thus face difficulties to identify large numbers of contacts in healthcare facilities and to follow them up in time.
Since February 2009, all contacts of measles cases who presented to a hospital have been identified via the hospital's computerised health information system.
The electronic files of the names of the contacts, with their ID numbers are put into the NIIS, to check the contacts' vaccination history. Children under six years-old have been considered a high-risk group: the first priority is those under one year of age, who are evaluated for administration of intramuscular immunoglobulin (IMIG). Parents or guardians of children from one to six years-old without complete vaccinations are contacted immediately and the children are vaccinated as soon as possible. Other contacts (or their parents or guardians, if the contact is a child older than six years) will receive a letter informing them of the exposure and giving them recommended self-health management advice.
As it takes only five minutes to check the vaccination records of hundreds of contacts using an NIIS batchscreening function, public health workers can identify high-risk contacts and take the necessary actions in a timely manner. From February 2009 to 2012, there were six occurrences of large-scale measles exposure in Taiwanese hospitals, with between 556 and 1,266 contacts identified per case. After screening the contacts' vaccination history through the NIIS, almost all (639/640) of those who were susceptible to measles completed follow-up (Table) . Through linkage with the NIIS database and with a rapid response, 146 individuals were vaccinated within three days after exposure. Among those contacts under one year of age (n=468), 114 were considered to have required post-exposure prophylaxis and IMIG was provided within six days after exposure. As measles cases are infectious four days before rash onset [8] , five contacts were exposed to three cases during the infectious period and were identified too late after exposure to benefit from prophylaxis and subsequently developed measles. Nevertheless, all the contacts who received post-exposure prophylaxis remained free of symptoms and there a Once the exposure has been reported, the contacts should be identified and followed up with within 48 hours. Follow-up activities include checking for symptoms and signs, evaluation for providing IMIG or vaccination, and health education. b IMIG administered was within six days after the exposure in contacts under one year of age for whom it was determined to be necessary. c None of the five contacts infected received post-exposure prophylaxis.
has been no measles outbreak in hospitals since the intervention in 2009.
To maintain the achievement of measles elimination in the WHO Region of the Americas, high standards of case investigation and containment measures have cost vast resources in the United States [7, 10] . The experience in Taiwan presented here shows that by batch-screening vaccination histories, public health workers were able to identify high-risk hospital contacts quickly and take the necessary actions accordingly, saving time and manpower in checking vaccination status, and enabling them to trace contacts at low risk. ; among them 9,961 were without measles vaccination and were identified via the data-linking process. Follow-up was successfully carried out for 5,185 (52%) of them. Among these children, 3,114 were vaccinated according to Taiwan's immunisation schedule as soon as possible; the others (n=2,071) presented certificates of vaccination from abroad and their NIIS records were updated. In 2012, a total of 4,975 children entering Taiwan without MMR vaccination were identified, and 2,627 (53%) were successfully followed up. The reasons some children could not be followed up included travelling abroad again, no longer living at the known address, no one answered when called by telephone or visited, or the telephone number or address were unavailable. Because of the implementation of this project, the coverage rate of the first dose of MMR vaccine for children aged two years since 2009 has increased from 96% to roughly 98%. As second-dose vaccination (recommended to be administered at six years of age) is a school-based programme and elementary school (for 6-11 year-olds) attendance rate in Taiwan is high -for example, 99.52% for the 2013 school year [13] -coverage of the second dose of MMR vaccine is over 97%; thus, the NIIS has only a limited effect on it. Since 2012, when other vaccines were also included for follow-up using this NIIS data linkage mechanism, the coverage of DTP3 increased to 98% (from 95% in 2006) (Figure 2 ).
Although there are very effective and safe vaccines to control measles, the coverage of measles-containing vaccines is still a key issue, even in industrialised countries [14] . In addition, industrialised countries are at increasing risk because of migration, air travel and working personnel exchange due to global economic mobility. Inconsistencies between vaccination rates and measles incidence have been found in some instances [15, 16] and supplementary immunisation activity is not always as effective as is expected [17] ; all of these issues could be a result of unreliable coverage calculation, repeated vaccinations or recordings, and, ultimately, failure to reach vulnerable populations, for example, mobile populations and abused children. A comprehensive registry information system could help to find any weaknesses regarding vaccination and thus help in trying to solve them. Optimal methods for estimating vaccination coverage and additional strategies for achieving high coverage in migrant, nomadic and displaced populations have been identified as research priorities for global measles and rubella control and eradication [18] .
Experiences and challenges
The development of a new information system under the public health administration was not an easy task. In the beginning, the construction of Taiwan's NIIS experienced resistance from users in local health agencies because they had been accustomed to working only with paper documents for many years. To understand users' opinions and the system's effectiveness, the Taiwan CDC conducted two comprehensive surveys, at the end of 2003 and 2004. The surveys indicated that users complained about the change at first but that satisfaction rates improved greatly a year after the project was implemented [19] . With the recognition that children could move around and get vaccinated in any part of Taiwan and that a centralised database was needed, all of the local health agencies finally agreed to participate in the NIIS in 2005.
Despite the support for the information system, immunisation programs still rely on the performance of public health workers and clinicians. Unfortunately, compared with medical care services (24/56 practicing doctors/nurses per 10,000 population in Taiwan in 2010 [20] ; 32/88 respectively per 10,000 population for member countries of the Organisation for Economic Co-operation and Development in 2011 [21] ), the resources allocated for public health in Taiwan are relatively insufficient. In 2013, there were only 3,429 first-line public health workers at local health bureaus and stations, i.e. 1.5 public health workers per 10,000 population (unpublished data). The NIIS has provided an efficient way to reduce interface costs and provide greater consistency in data exchange. We also noticed that in both of the examples presented in this article, intersectoral cooperation was essential for both the public (immigration or household registry agencies) and private (medical facilities participating in the NIIS) sectors. In addition to comprehensive legislation that gave the authority for disease control policies to be enforced, awareness of the benefits of immunisation and commitment to better disease control play key roles in the success of these extended applications of the NIIS.
The power of linking databases with immunisation information systems has been shown [22] [23] [24] , mostly involving links with health records. Linking a hospital's information concerning measles contacts to the NIIS can help to prevent secondary transmission at a hospital. To the best of our knowledge, linking an immunisation information system with immigration records is a new concept. For infectious diseases, particularly in the context of rapid and extensive world travel, there is a need for systematic, concerted cooperation among government agencies. Moreover, unvaccinated children are usually at high risk and may be difficult to reach. Linking the NIIS with the immigration database facilitated successful follow-up of over 50% of the target population. The other 50% were mobile, either people who had left Taiwan again or whose contact information was unavailable or incorrect. With better collaboration among health, social and educational departments, an even higher percentage of follow-up may be attainable. By using innovative applications of immunisation information systems, it is possible to achieve over 95% vaccine coverage and timely case investigation and intervention.
One issue concerning the application of immunisation information systems is the protection of personal information; however, regional or national immunisation information systems do exist and, as of 2012, were compliant with national data protection laws in 14 countries in the European Union [25] . Examples of using immunisation information systems and other databases with personal details to promote public health are present in Australia, Canada and the United States [22] [23] [24] . In Taiwan, the Personal Information Protection Act states that the government agency should use personal information in accordance with the scope of its job functions provided by laws or regulations, and in compliance with the specific purpose of collection [26] . However, the information may be used outside this scope when it is used to prevent harm to life, body, freedom or property and where it is used to prevent harm to the rights and interests of other people. This legislative process was not developed specifically for NIIS linkage and parents do not have to give explicit permission for data linkage. With a rigorous policy review and compliance with national data protection laws in Taiwan, public trust in data collection and linking of databases with the NIIS has been maintained and public health protected and promoted. With the necessary protection of personal information, the experience of Taiwan's immunisation information system and its application could be valuable for other countries now that international travel and workforce exchanges have become commonplace.
